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© Multilayer circuit board with repaired I/O pin and process for repairing I/O pin on multilayer circuit 
board. 



© When an external connection I/O pin which is 
formed on a multilayer ceramic circuit board is 
broken off together with a part of a ceramic sub- 
strate, an electrically conductive adhesive is filled in 
the area where the I/O pin broke and was removed, 
and together with standing a new pin in this place 



and connecting it electrically, the new pin is bridged 
and secured to the surrounding I/O pins using a 
fixation plate. In so doing, it is possible to restore the 
broken I/O pin to have the same electrical and 
mechanical characteristics as before. 



FIG. 6 



CM 
< 

o 

00 

CO 
CO 

in 



Q. 

UJ 




Rank Xerox (UK) Business Services 

O.10/3-3*/3-0.1) 



1 



EP 0 536 802 A2 



2 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a process for repairing 
I/O pins formed on a multilayer circuit board and 
multilayer circuit board having I/O pin or pins re- 
paired thereby, and in more particular a process for 
repairing I/O pins formed on a multilayer ceramic 
or glass ceramics circuit board and structure of the 
repaired I/O pin or pins formed on the multilayer 
ceramic or glass ceramic circuit board. 

2. Description of the Prior Art 

Formerly, the multilayer ceramic circuit board 
on which I/O pins were formed was a single chip 
module pin grid array. In such a multilayer ceramic 
circuit board, however, when an I/O pin was 
broken, there was no case of repairing the I/O pin. 

In a recent multi chip module, when an I/O pin 
was broken, the I/O pin can be sometimes re- 
paired. However, this is limited to a case where the 
I/O pin itself was broken. When the I/O pin was 
broken together with a part of a substrate, it was 
impossible to repair the I/O pin. 

Recently, in view of an aspect of electrical 
characteristics, a substrate of low strength, such as 
a glass ceramics substrate, has been often used as 
a substrate for the multi chip module. As a result, 
when the I/O pin was broken, a part of the sub- 
strate was often broken therewith, In such a case, 
however, it was impossible to properly repair the 
I/O pin. 

In the aforementioned glass ceramics sub- 
strate, the I/O pins are very thin and so are easily 
damaged or broken as shown in FIG. 1 through 
FIG. 4. 

FIG. 1 shows a case where the I/O pin 51 is 
broken in the shaft region, and FIG. 2 shows a 
case where the I/O pin 51 is broken in the region 
where it is brazed. Also, FiG. 3 shows a case 
where the I/O pin 51 and an attachment pad 52 are 
both peeled off from a ceramic substrate 53 and 
broken, and FIG. 4 shows a case where the ce- 
ramic substrate 53 is broken together with the I/O 
pin 51 . 

In the prior multilayer circuit board, when an 
I/O pin was broken, the I/O pin could not be re- 
paired, and the entire multilayer circuit board had 
to be replaced. 

Therefore, for electronic devices which use 
multi chip module type added-value circuit boards, 
there is a problem of high repair costs. 



SUMMARY OF THE INVENTION 

An object of this invention is to provide a 
process lor repairing I/O pin or pins on a multilayer 

s circuit board such as a multilayer ceramic circuit 
board when an I/O pin or pins is broken together 
with an attachment pad or when an I/O pin or pins 
is broken together with a part of a substrate such 
as a ceramic substrate. 

to Another object of this invention is to provide a 

multilayer circuit board with repaired pin or pins 
according to the above process. 

According to one aspect of this invention, there 
is provided a multilayer circuit board with a re- 

75 paired I/O pin, comprising a new I/O pin adhered to 
the location on the multilayer circuit board where 
an broken I/O pin was removed, and a fixation plate 
for bridging and securing the new I/O pin to I/O 
pins surrounding the new I/O pin. 

20 According to another aspect of this invention, 

there is provided a process for repairing an I/O pin 
on a multilayer circuit board, comprising the steps 
of a first step of attaching and adhering a new I/O 
pin to a location on the multilayer circuit board 

25 where an broken I/O pin was removed and a sec- 
ond step of bridging and securing said new I/O pin 
to surrounding I/O pins with a fixation plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

FIG. 1 is a cross-sectional view describing the 
condition of a broken I/O pin of a prior multilayer 
circuit board; 

FIG. 2 is a cross-sectional view describing the 
35 condition of a broken I/O pin of a prior multilayer 
circuit board; 

FIG. 3 is a cross-sectional view describing the 
condition of a broken I/O pin of a prior multilayer 
circuit board; 

40 FIG. 4 is a cross-sectional view describing the 
condition of a broken I/O pin of a prior multilayer 
circuit board; 

FIG. 5 is a partially cross-sectional view of an 
embodiment of a normal multilayer circuit board; 

45 FIG. 6 is a partially cross-sectional view showing 
a multilayer circuit board with a repaired I/O pin 
according to an embodiment of this invention; 
FIG. 7 is a partially cross-sectional view describ- 
ing the repair process of the multilayer circuit 

so board of an embodiment of this invention; 

FIG. 8 is a partially oblique view describing the 
repair process of the multilayer circuit board of 
an embodiment of this invention; 
FIG. 9 is a partially cross-sectional view describ- 

55 ing the repair process of the multilayer circuit 
board of an embodiment of this invention; 
FIG. .10 is a partially cross-sectional view de- 
scribing another repair process of the multilayer 
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circuit board of an embodiment of this invention; 
FIG. 11 is a partially cross-sectional view de- 
scribing even another repair process of the mul- 
tilayer circuit board of an embodiment of this 
invention; and 

FIG. 12 is a partially cross-sectional view de- 
scribing yet another repair process of the mul- 
tilayer circuit board of an embodiment of this 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Next, this invention will be described in refer- 
ence to the drawings. The same allocated refer- 
ence numerals in the drawings show the same 
elements throughout the drawings. 

Before describing this invention, the construc- 
tion of a normal multilayer circuit board with no 
broken I/O pins as shown in FIG. 5 will be de- 
scribed as follows. 

In FIG. 5, the multilayer circuit board 1 com- 
prises a ceramic substrate 1a, and very thin film 
metal layers 1b formed on the surface of this 
ceramic substrate 1a with polyimide as an insulator 
or insulation film between layers. An LSI chip is 
mounted on top of the thin film metal layers 1b. 

Several through holes 3 are formed in the 
ceramic substrate 1a and attachment pads 4 are 
located on the rear surface of the ceramic sub- 
strate 1a corresponding to the respective through 
holes 3. To each of the attachment pads 4, I/O pins 
5 used for external connection are brazed, and are 
electrically connected to the LSI chip 2 by way of 
the through holes 3 in the ceramic substrate 1a. 

For example, the diameter of the through holes 

3 can be set to be 0.25 mm, and the inside of the 
holes can be filled with conducting paste such as 
tungsten, molybdenum, gold, silver, silver-pal- 
ladium or the like. The diameter of the attachment 
pads 4 can be set to be 1 .3 mm and the pads 4 
can be made of a sputtering film such as a gold 
plating film, copper plating film, thick gold film, 
thick copper film or palladium film, or the like. 

The I/O pins have, for instance, a diameter of 
0.35 mm and a length of 5.00 mm. The ends of the 
I/O pins 5 which adhere to the attachment pads 4 
are subjected to a header process to have an 
increased surface area and thus obtain sufficient 
adhesive strength, and the surface of the pins is 
covered with a gold plating. A brazing material 
used to braze the I/O pins 5 to the attachment pads 

4 generally includes a eutectic crystal alloy brazing 
material such as gold/tin of 80/20 (wt. %), or 
silver/copper of 72/28 (wt. %). 

FIG. 6 shows a construction of a multilayer 
circuit board with a repaired I/O pin for a case 
when an I/O pin of I/O pins 5 formed on the rear 



surface of the ceramic substrate 1a has broken 
together with the attachment pad 4, or when it has 
broken together with a part of the ceramic sub- 
strate 1a. 

5 In the location of the broken I/O pin, a new I/O 

pin 6 (repair pin, or pin for repairing the broken 
location) is secured to the rear surface of the 
ceramic substrate 1a using an electrically conduc- 
tive adhesive 7. Also, the repair pin 6 is bridged to 

to the surrounding I/O pins 5 using a fixation plate 8 
with holes 8a in which the pins 5 and 6 are placed 
erect, and each of the I/O pins 5 and 6 are sup- 
ported by securing them to the fixation plate 8 
using adhesive 9. 

T5 The embodiment of the repairing process ac- 

cording to this invention will be explaiend in more 
detail with reference to FIG. 7 through FIG. 9. 

First, as shown in FIG. 7, the conductive adhe- 
sive 7 is filled in where the broken I/O pin was 

20 located, and the repair pin 6 is placed erect in this 
conductive adhesive 7 and is adhered to the loca- 
tion. At this time, the location where the repair pin 
6 is to be placed erect is deduced from the mea- 
sured dimensions from the surrounding I/O pins 5 

25 to the location. The conductive adhesive 7 used to 
adhere the repair pin 6 is made of, for instance, 
gold-polyimide, silver-epoxy or the like. By adher- 
ing the repair pin 8 to the location of the broken I/O 
pin using the conductive adhesive 7, it is possible 

30 to repair the multilayer circuit board 1 . 

However, by only adhering the repair pin 6 to 
the ceramic substrate la using conductive adhe- 
sive 7, it is difficult to solidly secure the repair pin 
6 to the ceramic substrate 1a. 

35 Therefore, as shown in the oblique view of FIG. 

8, the repair pin 6 is bridged to the surrounding I/O 
pins 5 joined to the ceramic substrate 1a using a 
fixation plate 8, and the I/O pins 5 and the repair 
pin 8 are adhered to the fixation plate 8 using an 
40 adhesive 9 and thus the repair pin 6 is supported 
by the surrounding I/O pins 5 by way of the fixation 
plate 8. 

In this embodiment of the invention, the fixation 
plate 8 is a 0.635 mm thick ceramic plate, and 

45 there are nine holes 8a with a diameter of 0.4 mm 
formed in this fixation plate 8 having the same 
pitch as the surrounding I/O pins 5 and the new pin 
6. The diameter of these holes 8a is regulated by 
the precision of the location when placing the re- 

so pair pin 6 erect, however, it is desired that it is 
about 0.1 mm larger than the diameter of the 
surrounding I/O pins 5 and the repair pin 6. 

Also, it is possible to use a type of epoxy or a 
type of ceramics as the adhesive 9, and it is 

65 desired that this adhesive 9 be filled in between 
each of the pins 5 and 6 and each of the holes 8a 
FIG. 9 is a cross-sectional view taken along a 
line A-A of FIG. 8. As shown in the figure, the 
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adhesive 9 is filled in between each of the holes 8a 
formed in the fixation plate 8 and each of the 
surrounding I/O pins 5 and repair pin 6, and the 
fixation plate 8 is placed at the base of each pin 5, 
6. By placing the fixation plate 8 at or near the 
base of each pin 5. 6. it is possible to make sure 
that the pins 5 and 6 are solidly secured. 

Referring now to FIG. 10, the adhesive 9 is 
completely filled in between each of the holes 8a 
formed in the fixation plate 8a and each of the 
surrounding I/O pins 5 and repair pin 6 and in a 
space between the rear surface of the ceramic 
substrate 1a and the fixation plate 8, the space 
including the header portion of the surrounding I/O 
pins 5 and repair pin 6, and the pins are adhered 
to the fixation plate 8. 

In this case, in order that migration of adjacent 
pins 5, 6 does not occur inside the adhesive 9, it is 
desired that an adhesive 9 be selected which is 
superior in migration resistance. 

FIG. 1 1 is a cross-sectional view of a construc- 
tion of a multilayer circuit board with a repaired pin 
wherein, together with forming nine holes 10a hav- 
ing the same pitch as the surrounding I/O pins 5 
and the repair pin 8, concave sections 10b are 
formed in a fixation plate 10 in locations corre- 
sponding to the header section of the pins 5 and 6. 

The material and thickness of the fixation plate 
10 are the same as those of the fixation plate 8 of 
the embodiments mentioned above. 

In this case, it is possible for the fixation plate 

10 to come in approximately or satisfactorily direct 
contact with the rear surface of the ceramic sub- 
strate 1a, making it possible for the pins 5 and 6 to 
protrude further out from the fixation plate 10, i.e. 
pin extension out of the fixation plate 10 being able 
to become longer. 

FIG. 12 is a cross-sectional view of a construc- 
tion of a multilayer circuit board with a repaired pin 
wherein, together with forming nine holes 11a hav- 
ing the same pitch as the surrounding I/O pins 5 
and the repair pin 6, projections (e.g. boss) 11b are 
formed around the holes 11a, respectively, in a 
fixation plate 1 1 . 

The material and thickness of the fixation plate 

1 1 are the same as those of the fixation plates 8 
and 10 mentioned above. 

In this case, it is possible to lengthen the 
contact length of the pins 5, 6 with the fixation 
plate 11. i.e. the holes 11a, making it possible to 
more solidly secure the repair pin 6. 

In each of the aforementioned embodiments, a 
ceramic plate was used as the fixation plates 8, 10 
and 11, however, the plate is not limited to this 
material. It is also possible to use other materials 
which have superior electrical insulating properties, 
which are strong, and which are superior in thermal 
resistance. Also, the number of holes 8a. 10a, 11a 



formed in the fixation plates 8, 10, 11 is not limited 
to nine; any number can be selected as long as the 
repair pin is solidly supported. 

Recently, in view of an aspect of electrical 

5 characteristics, a substrate of low strength such as 
a glass ceramics substrate must be often selected 
for a multilayer circuit board and thus, when an I/O 
pin or pins breaks, a part of the substrate often 
breaks or is tore out together with the pin. In such 

10 a case, a process for repairing the broken I/O pin 
or pins according to this invention is very impor- 
tant. 

As described above, this invention makes it 
possible to repair a multilayer circuit board with a 

75 ceramics or glass ceramics substrate when I/O pins 
used for external connection of the multilayer cir- 
cuit board break, even if this breakage causes a 
part of the substrate to break off as well. Therefore, 
it is not necessary to replace the expensive mul- 

20 tilayer circuit board but rather electronic devices 
can be repaired. 

While this invention has been particularly de- 
scribed with reference to the preferred embodi- 
ments thereof, it will be understood by those skilled 

25 in the art that the foregoing and other changes in 
form and details may be made therein without 
departing from the spirit and scope of the inven- 
tion. 

30 Claims 

1. A multilayer circuit board having a repaired I/O 
pin. comprising a new I/O pin adhered to the 
location on the multilayer circuit board where 

35 an broken I/O pin was removed, and a fixation 

plate for bridging and securing said new I/O 
pin to I/O pins surrounding said new I/O pin. 

2. The multilayer circuit board as defined in 
40 Claim 1 wherein said new I/O pin is adhered to 

said location using an electrically conductive 
adhesive. 

3. The multilayer circuit board as defined in 
45 Claim 2 wherein said electrically conductive 

adhesive is an adhesive made of gold- 
polyimide or silver-epoxy. 

4. The multilayer circuit board as defined in 
so Claim 1 wherein said fixation plate is provided 

with a plurality of holes having the same pitch 
as said surrounding I/O pins and new I/O pin 
and having a diameter of 0.1 mm larger than 
that of said surrounding I/O pins and new I/O 
55 pin, and an adhesive is filled in between each 

of said holes and each of said surrounding I/O 
pins and said new I/O pin. 
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5. The multilayer circuit board as defined in 
Claim 1 wherein said fixation plate is placed at 
a base of each of said surrounding I/O pins 
and said new I/O pin. 

6. The multilayer circuit board as defined in 
Claim 5 wherein an adhesive is filled in a 
space between a rear surface of a substrate 
and said fixation ptate. 

7. The multilayer circuit board as defined in 
Claim 1 wherein said fixation plate is provided 
with a plurality of holes having the same pitch 
as said surrounding I/O pins and new I/O pin, 
and further is provided with concave sections 
formed therein in locations corresponding to a 
header-processed end of each pin, whereby 
said fixation plate comes in approximately di- 
rect contact with a rear surface of a substrate 
and pin extension out of said fixation plate 
becomes longer. 

8. The multilayer circuit board as defined in 
Claim 1 wherein said fixation plate is provided 
with a plurality of holes having the same pitch 
as said surrounding I/O pins and new I/O pin, 
and further is provided with a projection 
formed around each of said holes to thereby 
lengthen a contact length of said surrounding 
pins and new I/O pin with said holes. 

9. The multilayer circuit board as defined in 
Claim 1 wherein said multilayer circuit board is 
a multilayer ceramics or glass ceramics circuit 
board. 

10. The multilayer circuit board as defined in 
Claim 1 wherein said multilayer circuit board is 
a multi chip module. 

11. The multilayer circuit board as defined in 
Claim 1 wherein said broken I/O pin was re- 
moved together with an attachment pad or a 
part of a substrate. 

12. A process for repairing an I/O pin on a mul- 
tilayer circuit board, comprising the steps of a 
first step of attaching and adhering a new I/O 
pin to a location on the multilayer circuit board 
where a broken I/O pin was removed and a 
second step of securing said new I/O pin to 
surrounding i/O pins by bridging said new I/O 
pin to said surrounding I/O pins with a fixation 
plate. 

13. The process for repairing an I/O pin on a 
multilayer circuit board as defined in Claim 12 
wherein said new I/O pin is adhered to said 



location using an electrically conductive adhe- 
sive. 

14. The process for repairing an I/O pin on a 
5 multilayer circuit board as defined in Claim 12 

wherein said fixation plate is provided with a 
plurality of holes having the same pitch as said 
surrounding I/O pins and new I/O pin and hav- 
ing a diameter of 0.1 mm larger than that of 
to said surrounding I/O pins and new I/O pin. 

16. The process for repairing an I/O pin on a 
multilayer circuit board as defined in Claim 14 
wherein said fixation plate is further provided 
75 with concave sections formed therein in loca- 

tions corresponding to a header section of 
each pin. 

16. The process for repairing an I/O pin on a 
20 multilayer circuit board as defined in Claim 14 

wherein said fixation plate is further provided 
with a projection formed around each of said 
holes to thereby lengthen a contact length of 
said surrounding pins and new I/O pin with 
25 said holes. 

17. A process for repairing an I/O pin on a mul- 
tilayer circuit board, comprising the steps of: 

filling an electrically conductive adhesive 
30 in the location on the multilayer circuit board 

where a broken I/O pin was removed; 

placing a new pin erect in said conductive 
adhesive; 

bridging said new pin to surrounding I/O 
35 pins using a fixation plate, said fixation plate 

being provided with a plurality holes having the 
same pitch as said surrounding pins and new 
pin and having a diameter of 0.1 mm larger 
than that of said surrounding and new pins; 
40 and 

securing said surrounding pins and new 
pin to said fixation plate by filling an epoxy or 
ceramics family adhesive in between each of 
these pins and each of said holes to thereby 
45 solidly secure said new pin to a substrate. 
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® Multilayer circuit board with repaired I/O pin and process for repairing I/O pin on multilayer circuit 
board. 



© When an external connection I/O pin which is 
formed on a multilayer ceramic circuit board (1) is 
broken off together with a part of a ceramic sub- 
strate, an electrically conductive adhesive (7) is filled 
in the area where the I/O pin broke and was re- 
moved, and together with standing a new pin (6) in 



this place and connecting it electrically, the new pin 
is bridged and secured to the surrounding I/O pins 
(5) using a fixation plate (8). In so doing, it is 
possible to restore the broken I/O pin to have the 
same electrical and mechanical characteristics as 
before. 



FIG. 6 



CO 
< 

CM 
00 

CO 
CO 

w 



LU 




2 



Rank Xerox (UK) Business Services 

(3.10/3.6/3.3.1) 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appliestkm Nsmkr 

EP 92 11 7417 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 



Citation of document with indication, where appropriate, 
of relevant passages 



PATENT ABSTRACTS OF JAPAN 
vol. 015, no. 185 (E-1066)13 May 1991 
& JP-A-30 46 780 ( FUJITSU LTD ) 28 
February 1991 
* abstract * 



PATENT ABSTRACTS OF JAPAN 

vol. 015, no. 486 (E-1143)10 December 

1991 

& JP-A-32 11 760 ( HITACHI LTD ) 17 
September 1991 
* abstract * 



PATENT ABSTRACTS OF JAPAN 

vol. 014, no. 225 (E-0927)14 May 1990 

it JP-A-20 58 257 ( NGK SPARK PLUG CO LTD ) 

27 February 1990 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 007, no. 218 (E-200)28 September 1983 
At JP-A-58 110 064 ( NIPPON DENKI KK ) 30 
June 1983 

* abstract * 

IBM TECHNICAL DISCLOSURE BULLETIN. 

vol. 25, no. 4, September 1982, NEW YORK 

US 

page 1800 

B0SLEY ET AL. 'Pin attachment to a 
substrate 1 



The present seven report has been drawn up lor all dabns 



ftotovaat 
to claim 



CLASSIFICATION OF THE 
APPLICATION Qat. CL5 ) 



1,5,9,11 



4,8,12, 
14 



H01L21/48 



1,5 



4,12,14 
1,2,4,9 



1.4 



TECHNICAL FIELDS 
SEARCHED (lot. O.S) 



H01L 



THE HAGUE 



Dauaf cc^Mkaaffl 

19 MAY 1993 



MES L. A. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If taken alone 

Y : partiad iriy relevant If con Hue! wltb another 

docuBeat of the sane category 
A : tecbootogteal background 
O : oco-wrtnea tiscterarv 
F : f Btenaetfitte document 



T : tbmtry or principle atrfertytog the bvwntftoa 
E : cutter pUaat ioeammA, hot pahttshea' as, or 

after the filing eate 
D : docaneat dtetf la tbe ■ppHraftim 
L : locommt cttad for other reasons 

A : otober of tbe sum patent family, cotr eipne^fn g 



